ABSTRACT Lygus hesperus Knight (Hemiptera: Miridae) is a key agricultural pest in the western United States. In a recent study, proteins from Pantoea ananatis and Serratia marcescens (Enterobacteriales: Enterobacteriaceae) were identiÞed in diet that was stylet probed and fed on by L. hesperus adults. P. ananatis and S. marcescens are ubiquitous bacteria that infect a wide range of crops. The objective of our study was to determine whether L. hesperus transfer P. ananatis and S. marcescens to food substrates during stylet-probing activities. Sucrose (5%) was spread under paraÞlm and exposed to adult L. hesperus for 24 h. Diet similarly prepared but not exposed to insects was used for controls. MacConkey agar was inoculated with stylet-probed or control diets and incubated at 25ЊC. After 24 h, bacterial colonies were observed on agar that was inoculated with stylet-probed diet, but were not observed on agar inoculated with control diet. Isolated bacterial colonies were putatively identiÞed as either Pantoea spp. or S. marcescens using the API 20e identiÞcation kit. These results indicate that L. hesperus is capable of vectoring P. ananatis and S. marcescens.
Lygus hesperus Knight (Hemiptera: Miridae) is a key pest of fruit, vegetable crops, forages, and cotton (Gossypium spp.) in the western United States (Wheeler 2001) . In a recent study to characterize L. hesperus salivary proteins, nearly 100 proteins of Pantoea ananatis and nine proteins of Serratia spp. including Serratia marcescens (Enterobacteriales: Enterobacteriaceae) were identiÞed from liquid diet that was stylet-probed and fed on by adult Lygus (Cooper et al. 2013) . P. ananatis is a ubiquitous bacterium that causes disease symptoms in a wide range of agricultural crops (Ceponis et al. 1985 , Tabei et al. 1988 , Bruton et al. 1991 , Gitaitis and Gay 1997 , PaccolaÐMeirelles et al. 2001 , Cother et al. 2004 , Coutinho and Venter 2009 ). This pathogen has been isolated from cotton lint in California (Chun and Perkins 1997) , and can cause internal boll rot when artiÞcially injected into cotton bolls (Bell et al. 2007) . P. ananatis has been isolated from Nilaparvata lugens (Stal) (Hemiptera: Delphacidae), Glyphodes pyloalis Walker (Lepidoptera: Pyralidae), Pseudatomoscelis seriatus (Reuter) (Hemiptera: Miridae), Nezara viridula (L.) (Hemiptera: Pentatomidae), and Frankliniella fusca (Hinds) (Thysanoptera: Thripidae) (Takahashi et al. 1995 , Watanabe et al. 1996 , Wells et al. 2002 , Bell et al. 2007 , Medrano et al. 2009 ). However, only F. fusca is a conÞrmed vector of P. ananatis (Gitaitis et al. 2003) . Similar to Pantoea spp., S. marcescans is a ubiquitous bacterium that can cause disease symptoms in certain plants. S. marcescans is the causal bacterium for cucurbit yellow vine disease on cucurbit plants (Cucurbitales: Cucurbitaceae) (Bruton et al. 2003 ). This disease is transferred among cucurbits by Anasa tristis (DeGeer) (Hemiptera: Coreidae). In addition to causing cucurbit yellow vine disease, S. marcescens is associated with a pathogen complex that causes crown rot of alfalfa (Medicago sativa L.) and sainfoin (Onobrychis viciifolia Scop; Sears et al. 1975 , Lukezic et al. 1982 . The recovery of Pantoea and Serratia proteins in stylet-probed diet suggests L. hesperus is a vector of these pathogens (Cooper et al. 2013) . However, it is not clear from our previous report whether bacteria were transferred to the diet by Lygus or whether gut proteins, some of which were associated with gut bacteria, were regurgitated into the diet. The objective of our study was to determine whether L. hesperus transfer bacterial plant pathogens to diet while feeding.
Mention of trade names or commercial products in this article is solely for the purpose of providing speciÞc information and does not imply recommendation or endorsement by the United States Department of Agriculture (USDA). USDA is an equal opportunity provider and employer. Spurgeon 2011, 2012) . Therefore, only prereproductive adults were used in our study. Mixed gender groups of 100 adults were transferred to 4-liter plastic buckets with nylon mesh lids. Insects were disinfected by maintaining the buckets for 2 h under a ultraviolet (UV)-C lamp (126 W/ cm 2 ) within a biological cabinet . To provide UV exposure to both the dorsal and ventral surfaces of the insects, buckets were shaken at Ϸ15 min intervals during the 2-h exposure to dislodge the insects from the mesh lid. After UV exposure, shredded paper was placed in each bucket to minimize cannibalism by the insects.
Saliva collection dishes were prepared in a sterile laminar ßow hood using the procedure described by Cooper et al. (2013) . Two layers of ParaÞlm M (Pechiney Plastic Packaging Company, Chicago, IL) were stretched over the bottom of a 100-mm-diameter Petri dish with beveled stacking ridges on its base, and 4 ml of 5% sucrose diet was spread evenly under the paraÞlm. A collection dish was placed into each of three 4-liter buckets with irradiated insects and into each of three control buckets without insects. All buckets were placed in an environmentally controlled chamber (Percival ScientiÞc Inc., Perry, IA) maintained at 26.7ЊC with a photoperiod of 14:10 (L:D) h and 50 Ð 60% relative humidity (RH). After 24 h, collection plates were removed from the buckets, and the paraÞlm surfaces were rinsed with deionized water and disinfected with 70% ethanol.
A small incision was made at a break in the stacking ridges of each collection dish, and the diet was spread on MacConkey agar (Remel Lenexa, KS, cat. no R01550) using a sterile loop. Diet from each collection dish (replication) was spread on two separate agar plates (subsamples). After incubation in 25ЊC for 24 h, a single colony from each plate was suspended in 0.5 ml of sterile water, spread on fresh MacConkey agar, and incubated for 24 h in 25ЊC. Two isolated colonies from each replated subsample were selected for identiÞcation using the API 20e identiÞcation kit (BioMerieux, Marcy IÕEtoile, France) using the manufacturerÕs protocol.
Results and Discussion
Bacterial colonies were observed from all three replicates of stylet-probed diet, but were not observed on agar inoculated with control diet (5% sucrose). Bacterial colonies were Ϸ1Ð2 mm in diameter after 24 h of growth at 25ЊC, and were round, smooth, and creamy-white in color. Using the API 20e identiÞca-tion kit, 4 of the 12 colonies plated from probed diet were putatively identiÞed as Pantoea spp., 6 colonies were identiÞed as S. marcescens, and results from the API kit were inconclusive for 2 colonies. Pantoea spp. and S. marcenscens were each identiÞed in two of the three diet plates stylet probed by L. hesperus.
Three types of ßoral bud damage occur on cotton plants exposed to L. hesperus: bud abscission, discolored and shriveled anthers within intact buds, and necrosis observed as moist jellylike amorphous tissue throughout the bud (Williams et al. 1987 , W.R.C., unpublished data). Feeding injury observed as bud abscission and damaged anthers are caused by digestion from salivary enzymes (CeloriaÐMancera et al. 2008) , but the mechanisms producing injury observed as soft amorphous tissue have not been elucidated and may be symptomatic of Lygus-vectored bacterial pathogens.
Our study suggests that L. hesperus can harbor and vector two bacterial plant pathogens: P. ananatis and S. marcescens. If so, the highly polyphagous and mobile habits of L. hesperus could facilitate the transmission of bacterial plant pathogens among crops in heterogeneous agricultural landscapes such as the San Joaquin Valley of California. Additional research is needed to assess the interactions between L. hesperus and the bacteria, speciÞcally, whether the bacteria reside on the exterior of the stylets or within the insectÕs gut. Further work is also required to indicate the occurrence and the prevalence of Pantoea and Serratia among wild populations of L. hesperus, and to investigate potential economical consequences of L. hesperus-vectored bacteria on cotton and other crops.
